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Abstract: The present study aimed to evaluate the protective effect of aqueous bark extract of Terminalia arjuna 
against cigarette smoke-induced changes in serum lipid profile of albino rats. The rats were divided into three 
groups. One control group (I) and two experimental groups (II and III), all three groups consisting of five rats each. 
The control group (I) was unexposed to cigarette smoke. Experimental group (II) was exposed to cigarette smoke (6 
cigarettes) for one hour/day for 30 days and experimental group (III) was exposed to cigarette smoke along with oral 
administration of aqueous bark extract of Terminalia arjuna (5mg/rat/day) for 30 days. The findings showed a 
significant (P<0.01) increase in serum cholesterol, serum triglyceride, low-density lipoprotein (LDL) and very-low-
density lipoprotein (VLDL) with significant (P<0.01) decrease in high-density lipoprotein (HDL) level in cigarette 
smoke-exposed albino rats in comparison to control rats while a significant (P<0.01) decrease in serum cholesterol, 
serum triglyceride, low-density lipoprotein (LDL) and very-low-density lipoprotein (VLDL) with significant 
(P<0.01) increase in high-density lipoprotein (HDL) after oral administration of aqueous bark extract of Terminalia 
arjuna in comparison to cigarette smoke-exposed albino rats. 
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1. Introduction 
 
Cigarette smoking is one of the most extensively 
used potentially hazardous social habits throughout the 
world (Patel et al., 2014). It is one of the biggest threat 
to current and future world health (WHO, 2008). About 
more than 5 million people die from smoking-related 
illness. Cigarette smoking is most important modifiable 
risk factor for atherosclerosis and increasing morbidity 
and mortality of chronic heart disease (CHD). Cigarette 
smoke has over 4000 toxic and mutagenic components 
such as carbon dioxide, aromatic hydrocarbons and 
nicotine (Carvalho et al., 2006). Cigarette smoke 
contains a range of oxidant and free radicals that can 
increase lipid peroxidation. Free radicals can, directly 
and indirectly, induce oxidative stress in the body 
(Hecht, 2002). The oxidation reactions can produce free 
radicals, which start chain reaction and subsequently 
can cause a large number of cardiovascular disease. 
Terminalia arjuna used as an antioxidant is a 
remarkable tree for its important phytochemicals 
belongs to the family Combretaceae (Singh et al., 
2004). The plant is a very rich source of natural 
antioxidants due to which it has been extensively 
investigated for its uses in both Ayurvedic and Unani 
system of medicine (Prakash et al., 2007). Therefore 
the present study was designed to investigate the 
aqueous bark extract of Terminalia arjuna on lipid 
profile after exposure to cigarette smoke in albino rats. 
 
2. Material and Methods 
 
The adult healthy rats of weight ranging from 150-
200g of both the sexes were kept in polypropylene 
cages and maintained at standard laboratory conditions 
of temperature 21±0.50C and relative humidity 60±5% 
with a photoperiod 12 hours/day. The experimental 
protocol was in accordance with institutional ethics 
committee. The rats were fed on commercial food 
pellets (Golden Feeds, New Delhi) and water ad 
libitum. The experimental animals were acclimatized 
for one week prior to the experiment. 
 
2.1 Selection of cigarette 
The Capston pilot (a filtered cigarette of 64mm 
length), ITC Limited, Kolkata was selected for the 
present study. 
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2.2 Plant material and extraction 
The Terminalia arjuna bark was collected from 
botanical garden of School of Life Sciences, Khandari 
campus, Agra and identified by a plant taxonomist. 
Heat distillation process was used. The stem bark 
powder was boiled in water at 1:5 ratio at 1000C for 30 
minutes (Sonia et al., 2001). After 30 minutes the 
mixture was filtered and the filtrate was stored in 
refrigerator until use. 
 
2.3 Experimental design 
The albino rats were divided into three groups – 
one control (I) and two experimental groups (II and III) 
containing five rats each. Control group (I) unexposed 
to cigarette smoke. Experimental group (II) exposed to 
6 cigarettes/hour in a day (1 cigarette/10 minute) for 30 
days. Experimental group (III) pre-treated with oral 
administration of aqueous bark extract of Terminalia 
arjuna (5mg/100g.b.wt.) before 30 minutes, then 
exposed to cigarette smoke for one hour/day for 30 
days. 
 
2.4 Exposure to cigarette smoke 
Mini exposure cabinet (60cm x 30cm x 30cm) 
manufactured by Precision Instruments, Varanasi is 
used for cigarette smoke exposure. The experimental 
rats were kept in an isolated smoke chamber with their 
cages for whole body exposure to cigarette smoke of a 
filtered cigarette (6 cigarettes/hour in a day) for 30 
days. 
 
2.5 Blood collection 
Blood samples were collected from the ventricle of 
heart in sterilized plain centrifuge tubes and were 
centrifuged at 2500 rpm for 30 minutes. Serum was 
separated for the estimation of lipid profile in control 
and experimental sets. 
 
2.6 Estimation of serum lipid profile  
Serum cholesterol was estimated by Roeschlau et 
al., (1974), serum triglyceride by Schettler and Nussel 
(1975) method, HDL by Wybenga et al., (1970) 
method, LDL and VLDL were calculated by 
Friedewald et al., (1972) methods. The data were 
expressed as Mean ± SEM. They were signified by 
using ‘t’ test. By KpKy plot (Version 3.0). 
 
3. Results and Discussion 
 
Data obtained for serum lipid profile in control and 
experimental groups are given in (Fig. 1 and Table 1). 
According to the obtained results from this study, there 
was a significant increase in serum cholesterol, serum 
triglyceride, low-density lipoprotein (LDL) and very-
low-density lipoprotein (VLDL) with significant 
decrease in high-density lipoprotein (HDL) level in 
cigarette smoke-exposed albino rats in relation to 
control group. 
Cigarette smoking is associated with an increase in 
the level of serum cholesterol, serum triglyceride, LDL 
and VLDL and decrease in HDL due to a decrease in 
lipoprotein lipase activity (Reaven and Tsao, 2003). 
Cigarette smoke is one of the factors in oxidant 
production and free radicals. Free radicals can increase 
oxidized LDL (ox-LDL) via different mechanisms such 
as lipid peroxidation, inhibition of protein production 
and the reduction of adenosine 3'-phosphate on the 
effect of lipid peroxidation (Soleimani and Rahmani 
Kahnamoei, 2014).    
 
 
 
Fig. 1. Effect of cigarette smoke on lipid profile and its modulation by aqueous bark extract of Terminalia arjuna after 30 days exposure. 
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Table 1. Effect of cigarette smoke on lipid profile and its modulation by aqueous bark extract of Terminalia arjuna after 30 days exposure. 
 
Groups Treatment 
30 days 
(Mean ± SEM) 
Cholesterol Triglyceride HDL LDL VLDL 
Control group-1 
(5) Ambient air 90.704±0.435 86.18±1.522 40.13±2.60 32.94±2.83 17.634±0.299 
Experimental group-2 
(5) Cigarette smoke 93.966±0.901↑** 93.386±0.472↑** 33.72±2.57↓** 41.56±2.934↑** 23.55±0.033↑** 
Experimental group-3 
(5) 
Cigarette smoke + 
aqueous extract 90.786±0.245↓* ↓•• 89.696±0.790↑*↓•• 42.52±1.01↓* ↑•• 29.09±1.25↑* ↓•• 17.956±0.166↑* ↓•• 
(5) = No. of albino rats    Difference from control    Difference from cigarette smoke exposure 
    * - Non-significant,     • - Non-significant 
** - Significant    •• - Significant 
 
Nicotine increases the circulatory pool of 
atherogenic LDL via accelerated transfer of LDL from 
plasma compartment, therefore, it increases the 
deposition of LDL cholesterol in the atrial wall 
(Meenakshisundaram et al., 2010). Cigarette smoking 
increases plasma catecholamine which induces lipolysis 
and release of free fatty acids (Rashan et al., 2016). 
HDL can have a protective role and inhibit the 
cholesterol and oxidized LDL damaging effects 
(Garrido et al., 2000). After oral administration of 
aqueous bark extract of Terminalia arjuna the serum 
lipid profile viz., serum cholesterol, serum triglyceride, 
LDL and VLDL significantly decreases with increase in 
HDL level. Terminalia arjuna is a large tropical woody 
tree distributed throughout subtropical regions of India. 
It has free radicals scavenging property and antioxidant 
activity (Chatha et al., 2014). Aqueous bark extract of 
Terminalia arjuna contains tannins, cumarins and 
terpenoids and revealed a high amount of polyphenol 
which may be responsible for antioxidant activity 
(Dutta, 2013). It exhibited a strong hydroxyl radical as 
well as superoxide anion radical scavenging potential, 
hence acting as an antioxidant (Ghosh et al., 2013). The 
aqueous extract of Terminalia arjuna inhibited lipid 
peroxidation (LPO) and 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase (Kokkiripati et al., 2013). 
Aqueous bark extract of Terminalia arjuna acts as a 
hypolipdemic, hypocholesterolemic and oxidative stress 
lowering agent (Sharma et al., 2012). 
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